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Objective. This study examined how family environmental characteristics served as mediators in the relationship between
socioeconomic conditions and infant growth in a cohort of Chilean infants. Methods. We studied 999 infants, born between 1991
and 1996, from a longitudinal cohort which began as an iron deﬁciency anemia preventive trial. SES (Graﬀar Index), the Life
Experiences Survey, and the Home Observation for Measurement of the Environment (HOME) were assessed in infancy. Using
path analysis, we assessed the relationships between the social factors, home environment, and infant growth. Results. During
the ﬁrst year, weight and length gain averaged 540 grams/month and 6.5cm/month, respectively. In the path analysis model for
weight gain, higher SES and a better physical environment were positively related to higher maternal warmth, which in turn was
associated with higher average weight gain. Higher SES was directly related to higher average length gain. Conclusions.I no u r
cohort, a direct relationship between SES and length gain developed during infancy. Higher SES was indirectly related to infant
weight gain through the home environment and maternal warmth. As the fastest growing infants are at risk for later obesity, new
strategies are needed to encourage optimal rather than maximal growth.
1.Introduction
Infant growth can have important long-term health and de-
velopmental consequences. In the case of poor weight gain,
cognitive development can be impaired [1, 2]. When infancy
weight gain is rapid, risk for obesity and related conditions
increases [3–8]. Whether or not infant weight gain relates to
socioeconomic status depends on context. Infants gain less
weightinresourcepoorsettingsinunderdevelopedcountries
[9, 10]. In developed countries, lower socioeconomic status
(SES) can relate to risk for poor infant growth through sev-
eral possible mechanisms including higher rates of postpar-
tum depression or family size [11–14]. On the other hand, a
recent study in a developed country showed higher infant
weight gain in lower SES individuals, largely explained by
lower breast feeding rates [15]. Lastly, in some settings SES
hasnot been found to inﬂuenceinfant ponderal growth [16].
Thus, it is important to understand the relationship of SES
to infancy weight gain in a variety of contexts and identify
factors that might mediate this relationship.
When the availability of breast milk or formula and
weaning foods is adequate, the relationship between SES and
infant weight gain might be explained by stressful circum-
stances and characteristics of the home environment and the
parent-infant relationship. Low-SES families are more likely
to experience uncontrollable life events and may have less
healthyhomeenvironmentsforchildren[17],includinglow-
erqualitystimulationavailableinthehomeforchildren[18].
Previous research has shown that negative circumstances
associated with poverty and distress among parents can
compromise parents’ abilities to provide sensitive, involved,
and consistent parenting [19–21]. Parenting style and infant2 International Journal of Pediatrics
growth have been most often explored in the context
of failure to thrive, with harsh and neglectful parenting
associated with poor infant growth [22].
Understanding linear growth as it relates to SES is also
important, as height can be a marker of health risk. At the
population level, adult height is socially determined [23,
24]. Height reﬂects prenatal and postnatal environments
superimposed on genetic potential [25]. In addition, adult
height shows an inverse association with cardiovascular [26,
27] and cardiorespiratory [27] disease, some cancers [28],
a n dt y p e2d i a b e t e s[ 29]. Socioeconomic gradients in height
arealsopresentinchildhoodandhavebeennotedatthetime
of birth in representative samples [30]. A recent study in the
UK that found diﬀerences in birth length based on SES did
not show further diﬀerences in growth during infancy [30].
In contexts where infant nutrition is adequate, questions
remain about whether or not social factors relate to linear
growth during the ﬁrst year.
In order to answer the question of whether or not post-
natal growth was related to SES and how family environment
might mediate these relationships, we used data on birth
weight and length and 12-month weight, length, SES and
variables from the Home Observation for Measurement of
the Environment (HOME) [31] from a large, longitudinal
cohort of Chilean infants. This allowed us to establish direct
and indirect associations between SES, family factors and
infant growth.
2. Methods
This study is a secondary data analysis to identify the re-
lationship of socioeconomic status (SES) with ponderal
(weight) and linear (length) growth and to identify family
factors that mediate this relationship, in a cohort of Chilean
infants during the ﬁrst year of life. The infants were enrolled
in a randomized controlled trial of iron to prevent iron deﬁ-
ciency anemia. The parent study is described ﬁrst, followed
by methods for the secondary data analysis.
3.OriginalStudy
From 1991 through 1996, we recruited healthy low- to mid-
dle-income, urban Chilean infants with birth weights of
≥3kg for a double-blind, randomized, controlled trial of
iron supplementation between 6 and 12 months of age [32].
At the time in Chile, infant health was generally excellent.
In fact, parasitic infections and generalized undernutrition
were virtually absent. However, dietary iron deﬁciency was
common, and iron supplementation during infancy was not
routine. In the trial, infants were randomized to iron supple-
mentation or usual nutrition at 6 months. All but 8 of the
cohort were initially breast fed, but approximately one third
were supplemented in the ﬁrst 6 weeks with formula made
from powdered full fat cow’s milk. The cohort continues to
be followed with waves of data collection at 5y, 10y, and
16y. The protocols for the original infant study and follow-
up studies have been approved annually by the Institutional
ReviewBoardsoftheUniversitiesofMichiganandChile,and
the University of California, San Diego.
4.Secondary Analysis of the Inﬂuence of SES on
GrowthandMediatingFactors
Of the 1657 infants who completed the preventive trial, 999
had complete data on all variables for this analysis. Those
without complete data did not diﬀer signiﬁcantly from those
included in this analysis by birth weight or length, sex, SES,
or family factors.
4.1. Outcome Variable. Unclothed infant weight, using an
electronic scale (to the nearest 0.01kg), and length, on a
recumbent length board (to the nearest 0.1cm), were meas-
ured monthly in the ﬁrst year by trained nurses [33]. Infant
weight gain over the ﬁrst year (grams per month) was calcu-
lat-ed as: (weight (kg) at 1 year − birth weight (kg))/(age
(days) ∗30.44 days/month). Infant length over the ﬁrst year
(gramspermonth)wascalculatedas(length(cm)at1year −
birth length (cm))/(age (days) ∗30.44 days/month).
4.2. Variable of Interest. SES was measured using a modiﬁed
Graﬀar index, which included 10 items concerning family
size and structure, father presence, educational level of head
of household, home ownership, and ownership of appliances
[34]. For this analysis, the scale was dichotomized based on
the median score of 27 (range of 16 to 47), with “0” referring
to low SES and “1” referring to middle SES.
4.3. Social Factors. Mothers provided the following informa-
tion at the 1-year assessment. Life stress was assessed using
the Life Experiences Survey [35, 36] which included 22 items
such as unstable employment of the head of household,
serious family conﬂict, and serious illness of a relative, for
a possible score of 0–22 (Cronbach alpha = 0.67). Maternal
depression risk was assessed using the Center for Epidemio-
logical Studies Depression Scale (CES-D) [37] scale; a score
of 16 or greater indicates risk for depression. Adult-to-
child ratio [14] served as a marker of family composition.
This ratio was computed as the number of income-earning
adults/number of children under age 15. This variable was
trichotomized, with “0” referring to one adult to one child
(ratio of 1), “1” referring to more adults than children (ratio
greater than 1), and “−1” referring to more children than
adults (ratio less than 1).
4.4. Other Mediating Factors. Mediating factors included
variables representing the infant’s family and home environ-
ments.TheHomeObservationforMeasurementoftheEnvi-
ronment scale (HOME), measured by direct observation,
wasusedtoevaluatethequalityofthehomeenvironmentfor
nurturing (Cronbach alpha = 0.80) [38]. In the US, 6 HOME
subscales are used. In this Chilean sample, we identiﬁed 5
factors using exploratory factor analysis: “maternal warmth
and emotional support,” “sibling participation,” “physical
environment,” “father-infant interaction,” and “cognitive
stimulation.” Table 1 displays Eigen values and items, withInternational Journal of Pediatrics 3
Table 1: Exploratory factor structures and item statistics: maternal warmth, sibling participation, and physical environmenta.
Item content Correlations
Maternal warmth Sibling
participation
Physical
environment
Mother’s voice conveys positive feelings toward child 45
Mother caresses or kisses child at least once 45
Mother spontaneously praises child at least twice 42
Child’s play environment is safe 74
When the child gets close to the mother, she welcomes, looks at, listens to,
and is aﬀectionate towards him/her 49
The child is spontaneously taken up in the arms of his/her older siblings 76
The child is spontaneously caressed, kissed, or tickled by older siblings at
least 5 minutes of everyday 93
The child is spontaneously conversed to in a directed and appropriate
manner by older siblings 89
The child is spontaneously incorporated into family activities by older
siblings 84
There are other people who are consistently important in the
encouragement and care of the child 39
The interior of the house has suﬃcient light and ventilation 46
The bedroom in the house is reasonably clean and orderly 55
With respect to the spare available space, there is suﬃcient room for the
c h i l dt oe x p l o r ea n dc r a w lw i t h o u td a n g e r 74
Eigen values 2.58 3.26 2.38
aValues are multiplied by 100 and rounded to the nearest integer. Only the factor items with correlations ≥ 35 are displayed.
factor-item correlations of 0.35 or higher. “Father-infant
interaction” and “cognitive stimulation” were not signiﬁ-
cantly associated with infant weight gain and were excluded
from the ﬁnal analysis in favor of a more parsimonious
model. We tested additional covariates that might partially
explain the relationship between SES and growth in weight
and length. As the cohort was part of an IDA preventive trial,
we tested whether IDA at one-year or random assignment
to iron inﬂuenced the relationship between SES and growth
in the ﬁrst year. We tested the eﬀect of gestational age and
number of children on weight and length gain. Gestational
age (in weeks) was assessed by the date of the last men-
strual period; number of children was self-reported by the
mother. Lastly, we tested whether 2 separate measures of
breastfeeding were related to infancy weight and length gain:
bottle supplementation at 6 weeks and still breastfeeding
at 6 months. Both measures were self-reported by mothers
during the infancy data collection period.
5.StatisticalAnalysis
StatisticalanalyseswereconductedusingSAS(9.2;Cary,NC)
and SPSS (17; Chicago, IL). Descriptive statistics included
means and frequencies (Table 2). We compared our sam-
ple (sample with complete data) to those excluded due
to missing data, with t-test and chi-square analyses. We
developed a path analysis model to assess the relationships
between SES and correlated variables, adult-to-child ratio,
and life stress, and infant weight gain and length gain,
mediated by the family and home environment (sibling
participation in child care, the physical home environment
related to nurturing, and maternal warmth). Path analyses
were performed using SAS PROC CALIS. Standardized
regression coeﬃcients and t-statistics were used to describe
the ﬁnal model; t-values > 1.96 were statistically signiﬁcant.
Model ﬁt was tested using the chi-square statistic (χ2; P>
0.05).Goodness-of-ﬁtindicesincludedtherootmeansquare
error of approximation (RMSEA < 0.06), comparative ﬁt
index (CFI > 0.95), and standardized root mean square
residual (SRMR < 0.03).
6. Results
Descriptive statistics are shown in Table 2.I n f a n t sw e r e
53% male, averaged 3.5kg and 50.6cm at birth, gained
on average 539 grams/month in the ﬁrst year, and were
at the 49th percentile for weight-for-age at 1 year. Infants’
mean linear growth in the ﬁrst year was 6.5cm/month, and
mean length-for-age percentile at 1 year was 48th percentile.
Only 3 percent of the 1 year-olds had heights less than
the 5th percentile. Most infants (59%) lived in households
containing more children than adults. The life stress scores
ranged from 0 to 14 and averaged 4.8 (2.7). Table 3 shows
additional descriptive information on the social variables,
stratiﬁed by SES. Participants in the middle SES group,
compared to those with low SES, had better optimal
nurturing environment with higher maternal warmth and4 International Journal of Pediatrics
Table 2: Descriptive statistics of Chilean infants (n = 999)1.
Birth weight (kg)2 3.5 (0.4)
Birth length (cm)2 50.6 (1.7)
Gestational age 39.4 (1.0)
Age at infancy evaluation 11.5 (0.4)
Weight-for-age percentile at 1 year2 48.7 (27.1)
Average weight gain (grams/month) 539.2 (84.2)
Length-for-age percentile at 1 year2 47.8 (25.8)
Average length gain (cm/month) 6.5 (0.3)
Bottle supplementation at 6 weeks 25.0
Still breastfeeding at 6 months 49.3
Number of siblings 2.1 (1.1)
Iron deﬁciency anemia in infancy 15.2
Iron supplemented 78.5
Maternal risk for depression 45.7
Life stress 4.8 (2.7)
Physical environment3 2.8 (1.3)
Maternal warmth3 3.4 (0.8)
Sibling participation3 3.9 (1.7)
Gender2
Male 52.6
Female 47.4
SES
Middle SES 52.7
Low SES 47.3
Adult-to-child ratio
One-to-one ratio 26.4
More adults 15.1
More children 58.5
1Values are mean (SD) or %.
2Variable not included in the ﬁnal model.
3Derived from HOME.
Table 3: Social factors by SES category.
Middle SES Low SES
Maternal warmth∗ 3.6 (0.8) 3.4 (0.8)
Sibling participation∗ 3.7 (1.7) 4.0 (1.6)
Physical environment∗ 3.2 (1.1) 2.4 (1.4)
More adults compared to children∗ 19.0% 10.8%
Stressful events∗ 4.5 (2.6) 5.0 (2.6)
∗P<0.05.
physical home environment, lower sibling participation in
infant care, and fewer stressful events.
Figure 1 shows the standardized path coeﬃcients and
respective t-values for the tested model. All paths shown are
statistically signiﬁcant associations. Fit indices indicated a
good model ﬁt (RMSEA = 0.03, CFI = 0.97, and SRMR =
0.02). SES was signiﬁcantly correlated with adult-to-child
ratio and life stress. Adult-to-child ratio was negatively as-
sociated with sibling participation (B =− 0.45, P<0.05),
which negatively related to weight gain (B =− 0.14, P<
0.05). SES (B = 0.28, P<0.05) and adult-to-child ratio
(B = 0.10, P<0.05) were related to a more positive physical
environment for nurturing, and higher life stress was related
to a less positive physical environment (B =− 0.10, P<
0.05). The physical environment indirectly related to weight
gain through greater maternal warmth (B = 0.07, P<0.05).
SES was indirectly related to infant weight gain through a
more positive physical environment (B = 0.28, P<0.05)
and greater maternal warmth (B = 0.08, P<0.05).
We now examine the strength of the associations. Of the
social factors, the strongest relationships were those be-
tween adult-to-child ratio and lower sibling participation in
childcare and between SES and the physical environment
for nurturing. The relationships between life stress and
physical environment and adult-to-child ratio and physical
environment were less robust, but signiﬁcant. No direct
associations between SES, adult-to-child ratio, and life stress
and infant growth were found. We also tested potential co-
variates, including iron deﬁciency anemia, iron assignment,
depression, gestational age, number of children, and bottle
supplementation of breast feeding at 6 weeks and continued
breast feeding at 6 months. With the exception of number of
children, which had a direct inverse relationship with weight
gain(B =− 0.08,P<0.05),thesefactorsdidnotsigniﬁcantly
contribute to the model and were omitted for parsimony.
Sibling participation, maternal warmth, and number of
children accounted for 3% of the variance in infant weight
gain.
In examining infancy length gain (Figure 2), we found
pathways identical to those associated with weight gain,
with the exception that there was no relationship between
maternal warmth and length gain. Additionally, SES was
directly related to infancy length gain, rather than indirectly
as was found for weight gain (B = 0.06, P = 0.05). This
relationship was marginally signiﬁcant, and the strength of
theassociationwasmodest.Asintheweightgainmodel,iron
deﬁciency anemia, iron assignment, depression, gestational
age, and bottle supplementation of breast feeding at 6 weeks
andcontinuedbreastfeedingat6monthdidnotsigniﬁcantly
contribute to the model and were omitted for parsimony.
Number of children was directly and inversely related to
infancy length gain (B =− 0.07, P<0.05). Sibling
participation,numberofchildren,andSESaccountedfor1%
of the variance in infant length gain.
7. Discussion
This study examined the relationship between SES and fami-
ly factors and postnatal growth. Results showed that infant
linear growth was directly related to SES, while ponderal
growth was indirectly related to SES, mediated by the physi-
cal environment for nurturing and maternal warmth. In fact,
the physical environment was a pivotal-mediating factor that
linked the social variables to infant weight gain. This ﬁnding
suggests that less strained ﬁnancial circumstances provided a
more supportive home environment. This, in turn, related
to higher infant weight gain indirectly through maternal
warmth.
Prior research has shown direct relationships between
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Average rate of 
weight gain (gr) 
per month for 
Adult-to-child 
ratio 
Sibling’s 
participation
Physical 
environment
Maternal 
warmth 
Life stress
SES
0.07 (2.1)
0.1 (3.36)
0.28 (9.13)
0.08 (2.33)
0.07 (2.15)
12 month
−0.45 (−15.97)
−0.14 (−4.44)
−0.1 ( −3.07)
Figure 1: Standardized path coeﬃcients (t-values) for a path model between SES and infant weight gain, mediated by home environment
in 1-year-old Chilean infants (CFI = 0.97, SRMR = 0.02, RMSEA = 0.03). All paths are statistically signiﬁcant (P<0.05). SES signiﬁcantly
correlated with adult-to-child ratio and life stress. Model adjusted for direct relationship between number of children and average weight
gain (P<0.05).
Average rate of 
length gain 
(cm) per month 
for 
Adult-to-child 
ratio 
Sibling’s 
participation
Physical 
environment
Maternal 
warmth 
Life stress
SES
0.1 (3.36)
0.28 (9.13)
0.08 (2.33)
0.07 (2.15)
0.06 (1.96)
12 month
−0.45 (−15.97)
−0.06 (−2.02)
−0.1 ( −3.07)
Figure 2: Standardized path coeﬃcients (t-values) for a path model between SES and infant length gain, mediated by home environment
in 1-year-old Chilean infants (CFI = 0.98, SRMR = 0.02, RMSEA = 0.03). All paths are statistically signiﬁcant (P<0.05). SES signiﬁcantly
correlated with adult-to-child ratio and life stress.
[23, 24, 30]. However, in previous work, the infant SES-
length relationship has been largely explained by the asso-
ciation already existing at birth [39]. This was not the
case in our study, perhaps because infants weighing less
than 3kg at birth were excluded, resulting in less variation
in birth length than would be found in a representative
cohort. The relationship between SES and postnatal length
gain was independent of birth length in our sample. This
gradient was not mediated by the family or nutritional
factors examined, suggesting that other unmeasured charac-
teristics related to SES were responsible. It is highly unlikely
that macronutrient factors were responsible for this ﬁnding,
as none of the infants exhibited poor growth, almost all
were initially breast fed, and supplemental milk was freely
available from the Chilean National Health Service. Other
potential explanations include micronutrient deﬁciencies or
stressfulcircumstances aﬀecting the hypothalamic-pituitary-
adrenal axis.
In the context of this study of low- to middle-income,
urban Chilean families, SES was related to infant weight
gain. It is important to note that substantial public health
programs in Chile led to a decline in infant mortality from
136.2/1000 live births in 1950 to 8.9/1000 live births in
2000. During this period, infant malnutrition was virtually
eradicated through a supplemental milk program and a
national breast feeding campaign that was highly successful
[40]. In our study, the relationship between SES and
infant growth was explained by family factors including
family composition, the physical environment, and maternal
warmth. All of the factors associated with more rapid weight
gain are related to good nurturing. We also tested the role of
breast feeding exclusivity and duration on these associations
and found no eﬀect. We suspect that the homogeneity of our
sample in terms of high breast feeding rates minimized the
eﬀect of nutritional factors in our study. Another nutritional
factor that could play a role is the timing of introduction of6 International Journal of Pediatrics
complementary foods, but we do not have data on this
feeding practice. A recent study of infant growth in a multi-
ethnic cohort in Amsterdam found higher growth rates in
ethnic minority families that could not be entirely explained
by diﬀerent feeding practices [41]. Our study adds to the
existing literature by supporting the role of psychosocial
factors in infant growth. While there is a large literature-
relatingpsychosocialfactorstofailuretothrive[22,42],these
characteristics are not always considered in infant growth
research when failure to thrive is not the focus.
Ourﬁndingsleadtoadiﬃcultquestion,howcanoptimal
infancy growth be promoted in an era when failure to thrive
is rare and risk for obesity is high. Historically, malnutrition
presented serious risk for infants in Chile and had only
recently been eradicated at the time our cohort participants
were infants [40]. Currently in Chile, less than 2.9% of
children under 6 years old are malnourished, and only 0.3%
have moderate to severe malnutrition [40]. On the other
hand, 16–20 years ago when our cohort participants were
infants, the obesity epidemic was beginning in Chile but was
not known or evident to families or even to health providers.
In 2005, preschool age Chilean children had high obesity
rates: 6% of 2-year olds, 11% of 3-year olds, and 14% of
4-year olds were obese. By young adulthood (17–24 years),
the overweight and obesity prevalence was 24% in men and
28% in women [43]. In our study, the families with the most
resources had infants with more rapid length and weight
gain. We now know that rapid weight gain in infancy creates
risk for later obesity [44, 45], which creates a conundrum
for all involved. It appears that what would be considered
optimalcareisassociatedwithincreasedriskforlaterobesity.
Therefore, the fattest baby can no longer be viewed as the
healthiest baby. While signiﬁcant progress has been made in
promoting breast feeding and encouraging families to delay
supplementalbottlesandcomplementaryfoodsinChile[40]
and in many other settings [46, 47], it will be important to
change perceptions of families about what a healthy baby
looks like and what constitutes optimal growth. As these
perceptions are highly linked with cultural norms, this will
take a concerted eﬀort on many fronts.
Some of this study’s particular strengths are worth
noting. This large cohort of infants was assessed at a
university nutrition research center where the infants had
detailed anthropometric measurement every month in the
ﬁrst year of life. In addition, data on SES, family factors and
infant feeding were prospectively collected. Furthermore,
most studies of SES and infant growth have been carried
out in developed countries and may not relate to infants
in other settings. Our study also has important limitations.
The cross-sectional path analysis model cannot establish
temporal precedence nor infer causality. It therefore must
be considered to be hypothesis generating. Furthermore,
ﬁndings about the SES infant-growth relationship from
one context may not apply in other settings. Therefore, it
may not be possible to generalize these ﬁndings to other
cultures, rural settings, higher SES groups, or to other
countries. Regarding generalizing to Chile in more recent
years, however, it is important to note that infant growth
rates in a more contemporary Chilean census, born between
2002 and 2004, are similar to those of our study for infants
who weighted 3kg or greater at birth [48].
8. Conclusion
In this developing country setting of rapid economic and
nutritional transition, better circumstances related to higher
infant growth. Prior to the onset of the global obesity
epidemic, higher infant growth would have always been
a sign of good parenting and prosperity and would have
portended a survival advantage for the infant. In the
current era, infants who are growing the fastest are at
risk for developing obesity [45]. These ﬁndings emphasize
the need for better understanding of explanatory factors
related to infant growth. Future research should include
longitudinalstudiesinavarietyofsettingsthatcouldidentify
possible causal elements including biological factors, such as
genetics and the eﬀects of the intrauterine environment, and
environmental factors such as nutrition and the psychosocial
environment.
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